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Abstract. The in vitro multiplication of plants that have commercial value constitutes one of the major 
objectives of the present vegetal biotechnologies. In the in vitro propagation process achieved on plants. the use 
of exogene phytohormones constitutes a decisive element for the feasibility of their multiplication (CachiŃă – 
Cosma Dorina. C. Deliu. LenuŃa Rakosy – Tican. A. Ardelean. 2004).  The inducing and development. of 
adventitious caulogenetic and rhizogenetic phenomena. are aspects that can be materialized by the use of 
adequate combinations between cytokinin and auxin. Also. a well known fact is that different types of explants 
contribute to the achievement of the in vitro culture with an endogenous content in phytohormones. As a result. 
this study presents the influence the exogenous cytokinins (TDZ. BA) and auxins (IAA. NAA) added to the 
composition of the Murashige & Skoog (1962) nutritive medium in the modeling of the in vitro propagation 
process in three cultivars of Begonia sp. starting from different types of explants (single-node stem cuttings with 
axillary buds. internode. leaf. peduncle. flower in the stage of bud). The materialization of caulogenesis had the 
best response at the level of the explants of the flower in the stage of bud type. by using the experimental variant 
that combines the TDZ (1.0 mg/l) and BA (0.5 mg/l) cytokinins.Rhizogenesis registered maximum values in 
case of the experimental variant that benefited from the IAA and NAA auxins. in quantities of 0.5 mg/l each. It 
must also be noticed the fact that rhizogenesis was achieved and in the absence of an exogenous auxinic source. 
 
 
INTRODUCTION 
 
The handling of plants fragments (tubers. rhizomes. bulbs. stems. leaves). in view of 
vegetative multiplication is applicable to numerous varieties. but the major inconvenience of 
this propagation method resides in the fact that the reduction of the dimensions at the level of 
the fragments used drags along the decrease of their regenerative properties (CachiŃă – Cosma 
Dorina. C. Deliu. LenuŃa Rakosy – Tican. A. Ardelean. 2004). Taking into consideration both 
this disadvantage and the financial implications of commercializing Begonia sp. plants. 
decorative through their flowers. the interest for studying the quick and conform 
multiplication of the valuable cultivars obtained through the methods of conventional 
amelioration. starting from fragments of biological material with dimensions as reduced as 
possible. is justified (Teixeira da Silva Jaime A.. 2003; Duong Tan Nhut. Mai Xuan Phan. 
Nguyen Thanh Hai. Phan Dinh Thai Son. Phan Xuan Huyen. Nguyen Thi Thanh Hang. 2006). 
In this context. the modeling of the adventitious processes of direct caulogenesis and 
rhizogenesis can constitute an efficient way of in vitro multiplication (Brezeanu Aurelia. Gina 
Cogălniceanu. Maria-Mihaela Antofie. 2003). in Begonia sp. cultivars (Appelgren M.). 
 
 
MATERIAL AND METHOD 
 
The biologic material used was purchased from the market and involved three 
cultivars of Begonia sp. comprised in the sphere of plants decorative through their flowers. 
The Begonia sp. cultivars had as distinctive element the colour of the petals. respectively: red. 
orange and white with red. The primary source of explants (single-node stem cuttings with 
axillary buds. internode. leaf. peduncle. flower in the stage of bud - Appelgren M.; Berghoef 
J.. 1979; Custers J. B. M.. 1986; Teixeira da Silva Jaime A.. 2003). consisted of plants in pots. 
in the blooming stage. 
Methods for the surface sterilization of the vegetal biologic material. In order to 
achieve a surface sterilization as efficient as possible. there was performed the pre-
sterilization of the explants by washing them first with continuous water jet for 1 h and then 
with filter paper soaked in 70º ethanol. The explants’ surface sterilization was performed 
wither by dipping them in a solution of mercuric chloride in a concentration of 0.05%. for 25 
minutes. or by dipping them in a solution of sodium hypochlorite in a concentration of 0.05%. 
for 25 minutes. After applying the chemical sterilization agent there were necessary 3 
successive rinses of approx. 10 min. each. in sterilized distilled water (Badea Elena Marcela. 
Săndulescu Daniela. 2001; CachiŃă – Cosma Dorina. Deliu C.. LenuŃa Rakosy – Tican. A. 
Ardelean. 2004).  
The artificial nutritive mediums used for the study regarding the in vitro 
multiplication in Begonia sp. (Table 1). has as basis the nutritive formula of the MS medium 
(Murashige T. şi Skoog F.. 1962). supplemented with agar 6 g/l and fructose 40 g/l 
(Takayama S.. 1990). Starting from this basic medium. there were chosen nutritive medium 
variants. whose composition was different from the point of view of the content of 
phytohormones (TDZ. BA. IAA and NAA). (Appelgren M.; Custers J. B. M.. 1986; 
Takayama S.. 1990; Pârvu C.. 1997; Badea Elena Marcela. Săndulescu Daniela. 2001; 
Teixeira da Silva Jaime A.. 2003; Duong Tan Nhut. Mai Xuan Phan. Nguyen Thanh Hai. 
Phan Dinh Thai Son. Phan Xuan Huyen. Nguyen Thi Thanh Hang. 2006). The pH values of 
the nutritive mediums were adjusted to 5.3 before sterilized by autoclavation at 121 ºC. 1 atm 
for 15 min.  
Table 1.  
Variants of nutritive mediums used for the study regarding the in vitro  
multiplication in Begonia sp. 
 
Abbreviations: MS  = Murashige şi Skoog (1962); TDZ = 1-phenyl-3-(1.2.3 thiadiazol-5-yl)urea; BA = 
6-benzyladenine; IAA = indole-3-acetic acid; 
NAA = α-naphthaleneacetic acid. 
 
 
The culture conditions used for 
study regarding the in vitro 
multiplication in Begonia sp. The 
explants were incubated in growth 
chambers. at temperatures of 23oC ± 2oC 
during the photoperiod (16 h). and 
respectively 20oC ± 2oC during the period 
of darkness (8 h). The subcultivations 
were performed periodically. at de 2-4 
week intervals (Takayama S.. 1990). 
 
RESULTS AND DISCUSSIONS 
 
This study presents both the 
establishing of aseptic cultures and the 
influence the cytokinins (TDZ. BA) and auxins (IAA. NAA). exogenous. added to the 
composition of the Murashige & Skoog (1962) nutritive medium. have in the modeling of the 
in vitro propagation process in three cultivars of Begonia sp.. starting from different types of 
explants (single-node stem cuttings with axillary buds. internode. leaf. peduncle. flower in the 
stage of bud). 
Phytohormones 
Cytokinins  (mg/l) Auxins (mg/l) 
Variants 
of 
nutritive 
mediums  TDZ BA IAA NAA 
MS 1 1.0 mg/l - - - 
MS 2 - 1.0 mg/l - - 
MS 3 0.5 mg/l - - - 
MS 4 - 0.5 mg/l - - 
MS 5 1.0 mg/l 1.0 mg/l - - 
MS 6 0.5 mg/l 0.5 mg/l - - 
MS 7 1.0 mg/l 0.5 mg/l - - 
MS 8 0.5 mg/l 1.0 mg/l - - 
MS 9 - - 1.0 mg/l - 
MS 10 - - - 1.0 mg/l 
MS 11 - - 0.5 mg/l - 
MS 12 - - - 0.5 mg/l 
MS 13 - - 1.0 mg/l 1.0 mg/l 
MS 14 - - 0.5 mg/l 0.5 mg/l 
MS 15 - - 1.0 mg/l 0.5 mg/l 
 MS 16 - - 0.5 mg/l 1.0 mg/l 
The establishing of viable aseptic cultures represents an essential condition for the 
success of the in vitro experiments. and mainly depends on the surface sterilization of the 
biologic material that is going to be inoculated. The microbial contamination represents a 
major problem for the in vitro cultures laboratories face. since it determines the most losses of 
germoplasma. The contaminations can also cause the death or necrosis of the respective 
culture. the slow-down of growth and modifications of the morphogenetic potential.  
The biologic material coming from the Begonia sp. variety taken into the study and 
made aseptic by using a mercuric chloride solution in concentration of 0.05% proved to be 
more recommendable for performing the inoculations (Fig. 1). unlike the biologic material 
made aseptic by using a sodium hypochlorite solution of 0.05%. This because after 
inoculation. the explants whose sterilization was performed with sodium hypochlorite lead to 
the occurrence in the nutritive medium of certain contaminants (bacteria and fungi). These 
contaminants developed rapidly. gradually leading to the covering of the vegetal material and 
its necrosis and. implicitly. to the impossibility to establish viable morphogenetic cultures. 
After establishing aseptic cultures on three cultivars of Begonia sp.. we studied the 
modeling of the in vitro propagation process by to morphogenetic programs. respectively 
adventitious caulogenesis and adventitious rhizogenesis.  
The morphogenesis. in pluricellular eukaryotic organisms. consists of the totality 
of processes that lead to the full achievement of a certain cellular. tissue architecture of 
a part of an organ or of the organism in its integrity. This phenomenon. extremely 
complex. includes cellular differentiation processes. The cytodifferentiation is 
developed on strict stages. starting from the nondifferentiated cells called pluripotent 
stem cells. In specific molecular contexts. in which a special role is given to intra-
cellular specializations. they gradually reduce their pluripotency character. becoming 
components for certain types of differentiation that are finalized with functional 
specializations (Fig. 2). 
The morphogenesis and the in vitro differentiation are very complex processes. 
rigorously controlled by endogenous factors and strongly modulated by a series of 
exogenous factors. The deploying of these processes presupposed the deploying of 
certain successions of well defined stages. which require strictly controlled 
experimenting conditions and which are finalized with the expressing of a certain 
morphogenetic program (Fig. 3 and Fig. 4). 
It was experimentally demonstrated on numerous species of plants that during the 
in vitro culture. the somatic cells presented a high regenerative potential. In optimum 
environmental conditions. under the influence of proper stimuli. from the somatic cells 
there can be differentiated adventitious shoots. roots. somatic embryos or even full 
plants. This characteristic of the somatic cells is at the basis of the biotechnological 
methods of amelioration and propagation. 
Regeneration is thus a development process which is achieved by going through 
distinct stages. frequently known under the name if competency acquiring. induction and 
process achievement. 
During the first stage. that of acquiring competency. the cells in a first moment. 
are not competent to answer certain stimuli. but they gain this characteristic during the 
initial stages of differentiation (Fig. 1). 
During the second stage. that of induction. the cells answer to certain 
organogenic stimuli and are determined to form a specific organ. During this stage. the 
medium phytohormonal composition is critical. every differentiation direction requiring 
specific phytohormones. 
During the third stage. that of achieving the process. the cells are determined and 
a new differentiation program is initiated. In this stage. the phytohormones may be 
absent or may be necessary in reduced quantities. 
These successive stages of the regeneration process coincide with a series of 
specific events at the molecular and biochemical level. but. until the present. we do not 
have a coherent picture. with general validity. 
The materialization of certain morphogenetic programs (adventitious 
caulogenesis – Fig. 4 - and adventitious rhizogenesis - Fig. 5 -). is possible in Begonia 
sp.. in the context of modeling the biological processes. by identifying the junction point 
between the proper combination of phytohormones and the explant type. 
The best caulogenetic response was registered for the experimental variant that 
combined the cytokinins TDZ and BA. in quantities of 1.0 mg/l. respectively 0.5 mg/l. and the 
explant of the flower in the bud stage type. This type of explant generated shoots. both at the 
level of the pedicel. and at the level of the receptacle. but the highest number of viable shoots 
was obtained from the morphogenetic cultures derived from the receptacle. 
The influence of the explant in modeling the adventitious caulogenesis is major 
because adventitious shoots were obtained only at the level of the peduncle and flower in the 
bud stage type explants. The explants of the leaf. single-node stem cuttings with axillary buds 
or internode type did not lead to shoots.  
The modeling of the processes involved in achieving the adventitious rhizogenesis 
program at the level of the base part of the Begonia sp. shoots obtained in vitro registered 
maximum values in case of the experimental variant that benefited from the IAA and NAA 
auxins in quantities of 0.5 mg/l each. The adventitious rhizogenesis was also achieved in the 
absence of an exogenous auxinic source. but it required three more transfers on fresh nutritive 
mediums. which brings forth additional costs. by comparison with using the experimental 
variant that implies the use of exogenous phytohormones. 
 
 
   
 
    
 
 
Fig. 1. Explants of Begonia sp.. stabilized in aseptic conditions specific  
to in vitro cultures achieved in plants. 
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Fig. 2. Explants of Begonia sp. at the level of which there were induced and achieved the in vitro 
dedifferentiation and redifferentiation processes. 
 
 
 
 
 
Fig. 3. Morphogenetic Begonia sp. cultures in the development stage  
of adventitious shoots (adventitious caulogenesis). 
 
 
     
 
 
Fig. 4. Morphogenetic Begonia sp. cultures in the stage of adventitious shoots elongation. 
 
     
 
 
 
Fig. 5. Begonia sp. adventitious shoots in the stage of inducement and achievement  
of the adventitious rhizogenesis. 
 
 
 
The in vitro morphogenesis constitutes an o important research direction in modern 
biotechnology and represents a continuous challenge in order to decipher and understand both 
the mechanisms and the interdependency of the phenomena that are at the basis of its 
materialization. 
The main objective of in vitro morphogenesis is the regeneration of vitroplants by 
inducing. generating and developing them de novo. either directly from explants cells (direct 
morphogenesis). or via calus (indirect morphogenesis). 
The direct in vitro morphogenesis (Fig. 3) constitutes one of the most important 
possibilities of de novo regeneration of Begonia sp. vitroplants. This type of regeneration 
directly achieved on the explant offers. unlike the indirect one. via calus. a much reduced 
potential with respect to the incidence of the somaclonal variability. 
 
 
CONCLUSIONS 
 
The establishing of aseptic cultures. in the Begonia sp. cultivars in study is possible by 
achieving sterilization on the basis of mercuric chloride in concentration of 0.05%.  
Inducing. generating and developing caulogenetic phenomena in Begonia sp. are 
aspects that can be materialized by the use of adequate combinations between different 
cytokinins. 
The use of the experimental variant that combines the cytokinins TDZ 1.0 mg/l and 
BA 0.5 mg/l generated the best caulogenetic response at the level of the receptacle of the 
flower in the bud stage type explants. 
The rhizogenesis registered maximum values in case of the experimental variant that 
benefited from the IAA and NAA auxins in quantities of 0.5 mg/l each. It is also worth noting 
the fact that the rhizogenesis was achieved in the absence of an exogenous auxinic source. 
Our experimental research completes with new data the picture of the in vitro 
propagation in Begonia sp. and demonstrates that this multiplication method is feasible in 
three cultivars had as distinctive element the colour of the petals. respectively: red. orange and 
white with red. 
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